A method is described that can be used for the determination of the heat capacity of a metal (or a semiconductor) as a function of pressure and temperature. The method involves use of a DC electric pulse. If a constant current I is passed through a wire sample of resistance R, the heat capacity C is related to the increase in temperap ture by the expression% where R' is the temperature derivative of the resistance, and (dE/dt)t=O is the limiting value of the time rate of change of the EMF across the sample. Data are given for iron to 100 kbars in the temperature interval from 77°F to 300°K. The results obtained are in accord with earlier theoretical estimates. The Curie temperature, T , of gadolinium has c also been determined from heat capacity measurements; its rate of change with pressure was found to be dT /dP = -1.3°K/kb. For the equipment c that is available at the present time, the measurements can be made as long as the specific resistance is 5~-cm or greater.
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INfRODUCfION
The heat capacity of a subs tance is an important thennodynamic . parameter characterizing the internal energy state of that substance.
It is therefore of great interest to examine th~ variation of the heat capacity with temperature and pressure •. Numerous investigationS involving temperature as the independent variable have been carried out, leading to a generally good understanding of the temperature variation of the heat capacity; however, very little work has been done at high pressures since conventional calorimetric techniques face the difficulty of gross heat leakage when used in high pressure apparatus.
Some success has been dbtained in those cases where pressures were low \ .
. , . . I enough that flow techn1quescould be used, or in those cases where temperatures were sufficiently low so the heat capacity of the pressure vessel was a detenninable, and reasonably small, fraction of the entire 2 3 system. ' .
In this paper we describe the development of a general method of measuring the heat capacities of metals (and semiconductors) under:high pressures.· The technique is based on electrical pulse heating of the metal sample , and has been successfully applied in measurements up to 100 kilobars over a temperature interval between 77°K and 300 o K. The precision appears to be + 5% or better.
, , ' As the discussion and description of the technique is developed in this paper, it will be evident that the heat capacities obtained ar~ relative, rather than absolute, due to the fact that the geometry
of the system is such that only' relatively short wire samples can be used. There is a large uncertainty of how much of'the sample at the ends is actually involved in the measurement. In the discussion that follows, it is assumed that the end effects remain constant as the external conditions are changed.
TIffiORY
Consider a metal wire sample of resistance, R, and heat capacity, . C p ' through which a constant current, I, is pulsed; if ohmic heating I is the only source of heat, the power balance equation, is:
HeredH/dt is the rate of increase of the enthalpy with time, t, at constant pressure; f(T-T a ) is a cooling tenn which is assumed to be dependent only on the difference between the sample temperature, T, and the temperature of the surroundings, T. Since C = (aH/aT) , , a p p and dI/dt = 0, and assuming that at constant pressure the resistance R is a function of temperature only by multiplying both sides of the . . .
where R' = dR/dT and ,'E = IR, the EMF developed across thesarnple. In the limit of t ~ 0, T-T ~ 0, and the lnniting result is a
Experimentally, dE/dt is found to be linear for 10-1000 microseconds.
Consequently, it is not difficult to obtain experimentally the limiting .
value of dE/dt. An analysis of heat loss from an infinitely long wire through which a constant current is passing, also shows. that the value of dE/dt is nearly linear for a short period of time. 
DESCRIPTION OF TIlE APPARATIJS
The pressure apparatus used was an opposed anvil device similar , 5 6 to that usedby 13ricigman, , and has been fully described elsewhere.
The sample setup using a metal wire hoop-shaped sample is a modifica-6 tion -of the four probe constructions of Stranberg and Jura and is illustrated in Fig. 1 . A set of 0.005" dia. platinum leads replaces the gold plug current leads used by Stromberg and Jura. Pressure calibration of the system was effected using the room temperature bismuth I-II and VI-VIII phase transitions 8 in the identical geometry to that in Fig. 1 .
Temperature control was achieved by the use of stirred liquid baths surrounding the entire anvil-sample system. For most of the experiments reported here a Kanolt mixture 9 which set the lower limit of the temperature range at about l50 0 K was used. Some excursions to 77°K were made using ma?sive heat sinks of the type described by Souers. 9
Copper-constantan thermocouples (calibrated at liquid nitrogen, dry ice, and ice point temperatures) were fastened to the anvil jackets about 1" from the axis· of the anvils', and the temperature of the sample was assumed to be the average of the top and bottom anvil temperatures. The sample is connected to the current and potential leads at B and B' when dynamic measurements are made. In this circuit the oscilloscope ' replaces the potentiometer of the res is t:ance measuring circuit, and the current source is a bank of four 12 volt auto storage batteries connected in series with a .bal1ast resistance variable fran 5 to 350 ohms. The ballast resistance is'much larger than the sample resistance and so controls the current drawn fran the batteries; thus, resistance changes in the sample are negligible in comparison with the total resistance. CalculatiollS based on the voltage rise of an actual smnple show t.hat for the typical sample the current after the initial rise is constant to a few tenths of a percent during a 100 millisecond pulse.
The solid state switching and gating unit for generating a square curtent pulse is basically two switches, one which ccimpletes the current path through a dummy load of approximately the same resistance as the sample, and one which completes the circuit through the sample load.
The purpose of the dummy load is to dissipate the odd transient currents which appeared when the storage batteries first begins to deliver current. The switching circuit has provisions for externally varying the pulse width through the sample and the overlap of the sample and dunnny ·load pulses}O.
A Tektronix 555 dual beam oscilloscope was used to display both the voltage E across the sample, and the current I thtoughthe sample.
The latter was displayed as the voltage across the s.tandard resistor Rs2 in series with the current source. As can be seen from Eq. (3) only the slope of the E-t is necessary to determine C , and it is p advantageous to use a dlfferential technique to examine only the top portion of the pulse at maximum sensitivity" .Toward .this end a Tektronix Type W differential comparator with a maximum sensitivity of 1 mv/em was used for measuring the voltage across the sample; a Tektronix Type 1A7
preamplifier was used to measure the higher level voltages across R s2 "
The data were taken directly from photographs of the oscilloscope display;.a typical record is shown· in Fig. 3 . The computer then performed an analysis whereby the measuredCdE/dt)t=O data were fitted linearly to the respective I3 values. Points of poor fit (points differing from the fitted line bymore than 2. 7 standard deviations) were discarded and a new line fitted with the remaining points.
The sequence was continued until sui table convergence was obtained. However, as shown in Fig. 4 , scatter was typically small, and usually in a series of 25 measurements one or two points at the most were discarded.
Computer output was double checked by visual inspection to assure that no unreasonable fi ts were made by tJle computer.
, .. ~'. and VI-VIII phase transitions. The resistance obtained by room temperature compression to pressure P followed by isobaric cooling to temperature T was within experimental error of the resistance value obtained by isothennal compression at temperature T to pressure P.
II.
was taken at each of several values of the current. The temperature was noted again, then the procedure was repeated after the sample had wanned a sui table amount. On an average, 'about twenty pictures were , taken at 'each temperature interval; the temperature rise during a -<photograI>hy sequence was typically 1/2°K or less.
" The temperature derivative of the electrical resistance was computed graphically from the R-T data collected during the isobaric runs.
Ifhe isobars were related to one another using isothennal runs made at 298°Kand 19S o K.
RESULTS
The apparatus was ',first tested for gross sensitivity by examining The slope, dT / dP, of the fi tted straight line is found to be teinperature derivative, and its high Debye characteristic temperature, iron proved to be a convenient metal to study with the hope of obtaining equation of state data by means of the thermodynamic identity:
The low compressibility of iron was a definite detriment for the application of Eq. (4) . Fifteen isobars spanning a teinperature interval l50 0 K to 300 0 Kwere run at pressures between 20 and 100 kb,
. and a similar number from 77°K to 300 0 K at pressures to 50 Kbars. As it was difficult to maintain a given sample for more than one run, these' isobars were related to one another with isothermal runs at 195°K and 298°K. Also, since in the opposed anvil setup electrical contacts at zero applied load are rather poor and one may not perform the experiment with confidence, the 20 kb results were related to atomospheric data . . using a Debye-Gruneisen approximation and experimental thermal expansion data. Connected in this manner, our high pressure data showed. very little variation in going from 20 to 100 kb. The spread of "'1-2% is less than the experimental lIDcertainty of about 5%, and it must be concluded that in the measured pres~ure range, 20 -100 kb, the heat capacity of iron is constant . Within experimental error, this is in agreement with Russian work, 17 which reports a calculated 0.8% decrease
in C for iron at about 30 kb. The average data are shown in Fig. 7 v ' . .
18
as the shaded area, along with the zero pressure data of Kelley, and a 25 kb curve calculated from Eq. (4) assuming (:~P ) T to be constant and using the thennal expansion data df Nix . earlier, the derivative will always set resolution limits.
It should be noted that an extension of the temperature range to lower temperatures should increaSe the capabilities of the technique.
For instance, it might be possible to fit a Debye-like characteristic temperature to the experimental data, and in conjunction with compressibility data obtain a Gruneisen y parameter as a function of pressure. .XILIU-'"
